Effects of glucagon, dexamethasone and triiodothyronine on phosphoenolpyruvate carboxykinase (GTP) synthesis and mRNA level in rat liver cells.
Acute hormonal effects on the synthesis rate of the cytosolic form of the gluconeogenic enzyme, phosphoenolpyruvate carboxykinase (GTP), were investigated using rat hepatocytes maintained in short-term suspension culture. Cells were pulse-labeled with [3H]leucine or [35S]methionine and the rate of synthesis of phosphoenolpyruvate carboxykinase was estimated after immunoprecipitation of cell extracts with specific antibodies or following high-resolution two-dimensional gel electrophoresis of cell proteins. Total RNA was also extracted from cultured cells and subsequently translated in a wheat germ cell-free protein-synthesis system, in order to quantify the level of functional mRNA coding for phosphoenolpyruvate carboxykinase. Glucagon, the single most effective inducer, causes a 15--20-fold increase in the level of specific mRNA in 2 h, accompanied by a similar increase in enzyme synthesis rate. The extent of induction is further amplified about threefold when dexamethasone is added to the culture medium. The synergistic action of dexamethasone does not require pre-exposure of the cells to the glucocorticoid, but on the contrary occurs without lag upon simultaneous addition of glucagon and dexamethasone. The induction of phosphoenolpyruvate carboxykinase mRNA by glucagon is markedly depressed in hepatocytes inhibited for protein synthesis by cycloheximide. Cycloheximide-inhibited cells, however, display a considerable induction of the message after joint stimulation with dexamethasone and glucagon. Thus, the synergistic action of dexamethasone does not require concomitant protein synthesis. These data provide indirect evidence for a primary effect of the glucocorticoids on the expression of the phosphoenolpyruvate carboxykinase gene. Besides glucagon and dexamethasone, the thyroid hormones are shown to influence the rate of phosphoenolpyruvate carboxykinase synthesis in isolated liver cells. The stimulatory effect of 3,5,3'-triiodothyronine (T3) is best demonstrated as a twofold increase in relative rate of enzyme synthesis in cells supplied with T3 plus glucagon, as compared to cells challenged with glucagon alone. The effect of T3 relies on a pretranslational mechanism, as shown by a commensurate increase in functional mRNA coding for phosphoenolpyruvate carboxykinase. Dose-response experiments with T3 as well as dexamethasone demonstrate effects at very low hormone levels, consistent with a role for these hormones as physiological modulators of phosphoenolpyruvate carboxykinase expression.